Introduction 1.Misperception Experiments
• Previous work on misperception has shown a range of influences such as native language (e.g. Cutler et al. 2004 ), position in the syllable (e.g. Wang and Bilger 1973) , and types of masking noise (e.g. van Phatak, Lovitt, and Allen 2008).
• Can patterns of misperception among oral consonants be extrapolated to guttural consonants (uvulars, pharyngeals, and glottals)?
• Data on consonant discrimination in Arabic (e.g. Kishon-Rabin and Rosenhouse 2000) and the phonological characteristics of gutturals (cf. McCarthy 1994) suggest that guttural consonants are likely to have their own misperception patterns; this study investigates those patterns.
• While there have been studies on misperception of illicit structures (e.g. Dupoux et al. 1999 ), there have not, to my knowledge, been studies on the patterns of misperception that are present in identification of licit structures; this study investigates such patterns.
Features of Guttural Consonants
• There are many behaviors which guttural consonants share, such as causing retraction and lowering on neighboring vowels (McCarthy 1994); which gestures do they share? Which features do listeners use to identify them?
• There is disagreement about the features which characterize guttural consonants; patterns of confusions can help elucidate the salient acoustic features shared by consonants (Chang, Plauché, and Ohala 2001).
Historical Implications of Misperception Patterns
• There are many parallels between misperceptions of sounds and sequences in laboratory experiments and attested historical changes (Blevins and Garrett 2004) ; sound change can result when people insufficiently or inaccurately account for contextual influence (Ohala 2003 ).
• Some studies have suggested that pharyngeal consonants can be lost via vocalization, e.g. in Kalispel, though some apparent cases of vocalization seem to be due to non-native transcribers mishearing these consonants (Bessell 2002) • Pharyngeals are often reconstructed in Proto-Indo-European, for segments with vocalic outcomes in many daughter languages.
Experiment Design 2.1 Participants
There were two groups of participants:
1. Native speakers of Levantine Arabic (n = 3, ages 20-35) who spent the majority of their childhood in a country where Arabic was the primary language.
2. Native speakers of English (n = 6, ages 20-27) who have been studying Arabic for 2-3 years.
Stimuli were nonce words produced by native speakers of Arabic in Modern Standard Arabic (MSA). Syllable shapes were CV, PVC, PVRC, PVRV, and PVRVC, where R is each of the liquids (l, r). Consonants were produced in the context of each of the contrastive Arabic vowel qualities: /i/, /a/, /u/.
Task
• In the main task, listeners saw an array of buttons of nonce words written in the Arabic script and listened to the stimuli (their order randomized within blocks of the same vowel), then clicked the button corresponding to the word which they thought they heard.
• Masking noise of perceptual loudness equal to the stimulus was played simultaneously with the stimuli, in order to increase the difficulty of the task and elicit a higher number of errors. The two noise types were: noise with intensity weighted towards lower frequencies (pink noise) or towards higher frequencies (blue noise).
Data and Discussion
In addition to differences in the average accuracy in each group, there were differences in the sounds which were most frequently confused and in the directions of confusion in each group, as well as effects of phonological environment, the consonant's place of articulation, and the type of masking noise. • Although the rate of misperceptions of structure was lower in the native listener group, the patterns of misperception were similar in both groups.
Structure Confusions
-Non-native listeners made more structural errors that involved the deletion of a segment, while native listeners made a similar number of errors that involved the insertion or deletion of a segment.
• There was a difference between structural accuracy for words with guttural consonants or without them, which interacted with language background.
-Native Arabic listeners identified structure with 92% accuracy for words without gutturals and 91% for words with gutturals -Non-native listeners identified them with 88% and 79% accuracy, respectively. -There was a high level of confusion with vowels between consonants and with certain word-final consonants after vowels:
[h] and [P] were often identified as present when they were not, and the guttural consonants as well as the alveolar stops were prone to deletion in biconsonantal structures. Cf. deletion of final glottal consonants in spoken Arabic.
Segment Confusions
Native Vowel and Consonant Confusions There are cases in both groups of listeners in which a consonant was identified as a vowel or a vowel as a consonant, though these identifications were much less common than identifications involving the addition or loss of a consonant or vowel. 
• In the native listener group, most of the common misperceptions were not strongly paralleled by misperceptions in the opposite direction, e.g.
there were 3 times as many cases of [t] identified as [k] than [k] identified as [t].
• The most common misperception error in the native listener group was hearing the voiceless uvularized alveolar stop [t Q ] as the voiceless uvular stop [q]. 
Non-native Vowel and Consonant Confusions
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Influences on segment accuracy
• The accuracy of consonant identification was influenced by the phonological environment in both groups of listeners:
-Native listeners identified consonants with 84% accuracy after vowels and 78% accuracy after liquids, while non-native listeners identified them with 66% accuracy after vowels and 52% accuracy after consonants.
-In both groups of listeners, consonants were more accurately identified in codas than in onsets.
• The accuracy of segment identification differed by the region of the consonantal constriction.
-Non-native listeners had significantly lower accuracy in identifying guttural consonants (45% correct) than consonants with other places of articulation (68% correct).
-For native listeners, this difference was not present: guttural consonants were identified with 79% accuracy, while other consonants were identified with 80% accuracy.
• The average response time was slightly longer for native speakers (mean = 2.6 s) than nonnative speakers (mean = 2.4 s). The response times for sounds in each category also differed.
-For native speakers, the mean response time for guttural consonants was 3.7 s, and for non-guttural consonants was 4 s.
-For non-native speakers, the mean response time for guttural consonants was 3.5 s and for non-guttural consonants was 2.9 s.
• There was an effect of noise type on accuracy of identification; sounds were identified more accurately in higher frequency noise than in lower frequency noise.
-Native listeners identified consonants with 83% accuracy in high frequency noise and 68% accuracy in low frequency noise.
-Non-native listeners identified consonants with 64% accuracy in high frequency noise and 51% accuracy in low frequency noise.
-This effect interacted with place of articulation; guttural consonants seemed to suffer more interference from pink noise than non-guttural consonants did. • There are differences in the behavior of guttural and non-guttural consonants, so one should be cautious about extrapolating from oral consonant data to guttural consonants.
• While change from guttural consonants into vowels is not impossible, a two-step change of vowel insertion followed by consonant loss seems more likely, particularly because both of these changes are relatively common misperceptions for guttural consonants, particularly in certain conditions (e.g. low frequency noise and non-native listeners).
• The primary cues for identification of consonants and in particular guttural consonants are contained in the lower frequencies.
• There are patterns of directionality in misperception of guttural consonants, which do not consistently match up with attested or commonly reconstructed sound changes. Table 7 : Native Listeners' Segment Identifications (as percents) 
